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[57] 



ABSTRACT 



The present invention relates to the reuse of a control 
channel in a distributed cellular radio communication sys- 
tem. At least one physical channel, the so called physical 
control channel, in the radio communication system is used 
for transferring logical control channels. According to the 
present invention the physical uplink control channel can be 
reused with respect to logical control channels comprising 
an access request. The physical downlink control channel 
can be reused with respect to logical control channels 
comprising a message that access is granted to a mobile 
station or a message that someone requests contact with a 
mobile station. According to the invention the physical 
uplink control channel and/or the physical downlink control 
channel is reused. This means that more connections per 
time unit may be established in the radio communication 
system. 

33 Claims, 6 Drawing Sheets 
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REUSE OF A PHYSICAL CONTROL be captured and granted permission to establish a 

CHANNEL IN A DISTRIBUTED CELLULAR connection, provided this signal is sufficiently strong. Other 

RADIO COMMUNICATION SYSTEM mobile stations would have to wait. 

Cellular radio communication systems for indoor use are 

TECHNICAL FIELD s exposec j t0 a special wave propagation environment. The 

The present invention relates to a method for the reuse of propagation of the radio waves is obstructed, for example, 

a physical control channel in a cell in a cellular distributed by walls and doors and are put in the shade or reflected by 

radio communication system. The invention also relates to a other objects. To achieve a good coverage in indoor 

distributed cellular radio communication system in which environments, several different radio communication sys- 

the method is utilized. More specifically, the invention ]0 terns have been proposed. 

relates to the reuse of a physical control channel in a cell Such an indoor system is a so called pico cell system, 

when the information being transmitted on the physical which, like an ordinary macrocellular radio communication 

control channel does not need to have coverage in the whole system, comprises a base station in each cell. The cells are, 

cell. however, very small, and cover, for example, one floor of a 

15 building. 

DESCRIPTION OF RELATED ART A * . . f . . n A A . t , , , 

Another indoor system is a so called distributed antenna 

Cellular mobile radio communication systems normally system in which a number of antennas are placed in a cell. 

comprise a number of mobile stations communicating with The antennas are controlled by a base station unit. All 

base stations through radio channels. A number of base antennas transmit the same information, so that the coverage 

stations are in turn controlled by a base station switching 20 within the cell increases. Physical channels cannot be reused 

centre. Distributed cellular radio communication systems within the cell, so the capacity is not higher than in a 

are systems comprising antennas or radio units distributed non-distributed antenna system. 

within a cell. The distributed antennas or radio units in a cell Another type of distributed cellular radio communication 

are controlled by at least one central unit which may in turn system for indoor use is disclosed in the U.S. patent appli- 

be controlled by a base station switching centre or a mobile ca ti 0 n Ser. No. 08/540326, in which each cell comprises a 

switching centre. number of distributed radio units controlled by a central unit. 

A mobile station communicates with a base station over A cell can cover, for example, a whole building. The 
physical radio channels. A physical radio channel is denned interface between the radio units and the central unit can 
in an FDMA system by a certain frequency, in a TDMA 3Q vary from the radio units comprising only parts of trans- 
system by a certain frequency and a certain time slot and in ceivers to the radio units comprising parts of the following 
a CDMA system by a certain code. signal processing. 

The information transmitted over the physical radio chan- Each cell is assigned one or more physical channels for 
nels is separated into different logical channels depending on the transfer of logical control channels. A particular control 
the type of information. The method of transferring the 35 channel is always transmitted on the same physical channel, 
logical channels on the physical channels is called mapping. the physical control channel. On this physical channel, or 
Several different types of information are to be transferred in channels, the same logical control channels are transmitted 
a radio communication system, such as speech, control from all the antenna units in the cell. In this way the 
signalling and user data. Speech and user data are transmit- probability that all mobile stations can receive common 
ted on logical traffic channels and control signals are trans- 40 information about, for example, the cell increases. Other 
mitted on logical control channels. Logical control channels physical channels may be used far logical traffic channels, 
can comprise information that has to be transmitted to all All radio units can preferably receive and transmit signals 
mobile stations in a cell, for example, information about the on all physical channels. Macro diversity may be obtained in 
cell. Other logical control channels only have to be trans- the system in that a mobile station is simultaneously con- 
ferred to a certain mobile station or to a certain base station; 45 nected to at least two antenna units. The traffic channels may 
for example, a message that a certain mobile station is to be reused within a cell, that is, more than one mobile station 
establish a connection or the request from a mobile station m a cell can transmit information on traffic channels on the 
to establish a connection. same physical channel if the mobile stations do not disturb 

In most conventional macrocellular radio communication each other too much. The allocation of physical channels to 

systems most logical control channels in a cell are mapped 50 the radio units is controlled by the central unit. To secure 

onto one, or a number of, special physical channels. This coverage in as large a part of the cell as possible the physical 

implies that the logical control channels are always trans- control channel is not reused. 

mitted on the same physical channel or channels, hereinafter Because traffic channels may be reused in a cell, the 

referred to as the physical control channel. The mobile connection capacity in such a distributed system is high 

stations then always know what physical channel they 5s compared to the previously described indoor systems, 

should listen to in order to receive a certain type of control However, only one mobile station within a cell can request 

information, and what physical channel they should transmit access at any given time, and only .one mobile station can 

control information on. Other physical channels are used to establish a new connection at a given time. This is because 

transfer logical traffic channels. only one access request may be received. at a certain point in 

When a mobile station desires contact with the network it 60 time and that the same information is transmitted from all 

transmits signals on a logical channel to request access. The radio units on the physical control channel or channels, 

logical channel is transferred on the physical control chan- Therefore, only one message of granted access can be 

nel. If a mobile station is granted access an access message transmitted at a given point in time, 
is transmitted on the downlink channel to this mobile station. 

If several mobile stations in a cell were to request permission 65 SUMMARY OF THE INVENTION 

to establish a connection a contention would occur. The The present invention attacks the problem of how to 

mobile station transmitting the strongest signal would then increase the capacity with respect to the number of connec- 
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tions that may be established simultaneously or shortly after tion more accesses may be captured and it is therefore 

each other in a distributed cellular radio communication possible to establish more connections, albeit one at a time, 

system. If the physical control channel is only reused in the downlink 

Another problem is how the occurrence of contention in direction mobile stations that have requested access at 

a cell can be reduced. s different points in time may be allowed to establish connec- 

An object of the present invention is therefore to increase U0DS at toe same timc - since mc receive rate with respect to 

the capacity in a distributed cellular radio communication access channels is higher than the transmit rate regarding 

system with respect to the number of connections estab- acccss channels, this increases the number of connections 

lished simultaneously or shortly after each other, that is, the established per time unit. 

number of connections established per time unit. 10 An advantage of the present invention is that more 

Another object is to reduce the occurrences of contention connections may be established per time unit in a distributed 

xn a cell. cell, which leads to an increased capacity in a distributed 

The problems are solved by reusing the physical channel cellular radio communication system, 

used for transferring logical control channels when the Another advantage arises when the physical control chan- 

logical channel to be transmitted on the physical control 35 nel is reused in the uplink direction, which reduces the 

channel is of the type common control channel, either in the number of contention occurrences. 

uplink or the downlink direction or in both the uplink and the The invention will be described in more detail in the 

downlink direction. following by means of preferred embodiments and with 

More specifically, the problems are solved in that each 2Q reference to the enclosed drawings, 
radio unit in the distributed cellular radio communication 

system receives signals on physical uplink channels. At least BRIEF DESCRIPTION OF THE DRAWINGS 

one physical channel is used, as is known, for example, in ^ , . „ j- * -t_ , j « t j- 

r-euM * • • i * i u % *l * * i ■ i FIG. 1 shows, schematically, a distributed cellular radio 

GSM systems, as a physical control channel, that is. logical ' A / 4 

, i i , r ■ , 4 , . i . i communication system according to prior art. 

control channels are mapped onto this physical channel. J to r 

Signals on physical channels are received simultaneously by FIG 2a is a ma P of ^ Physical uplink control channel in 

all radio units. a GSM system. 

According to one embodiment of the invention signals are FIG • 2b is a map of the physical downlink control channel 

received on the physical control channel in the uplink m a GSM system. 

direction simultaneously by all radio units. It is then deter- 30 FIG. 3 is a schematic block diagram of parts of a 

mined what logical channel was transmitted on each physi- distributed radio communication system according to the 

cal channel. On the physical control channel in the uplink invention. 

direction access channels comprising a request for access to fig. 4 is a schematic block diagram of an inventive 

the radio communication system are transferred. In a GSM embodiment of a channel separating device. 

system these channels are called RACH channels Since 35 m<} $ js a ^mris block diagram of an inventive 

signals on the physical control channel are received sepa- embodiment of a channel generating device. 

rately in each radio unit the received information in the ^ . , Z . 

access channels may differ for different radio units, that is, FIG ; 6 15 \ flow of ^ embodiment of the method 

the physical uplink control channel may be reused in a according to the invention. 

distributed cell with respect to access channels. 40 DESCRIPTION OF PREFERRED 

The content of the access channels is interpreted. It is EMBODIMENTS 
registered what mobile station requested access and what 

radio unit received the access request. In dependence of the FIG. 1 shows schematically a cellular radio communica- 

interpretation it is determined what mobile stations are to be tion system comprising distributed radio units according to 

granted access and with what radio units they are to com- 45 prior art. The system comprises a mobile switching centre 

municate. In dependence of the decision logical control MSC, alternatively a base station switching centre BSC, 

channels are generated that are to be mapped onto the controlling a number of central units HUB1-HUB3, and in 

physical downlink control channel to each radio unit. Alio- the present case also a conventional base station BS, Each 

cation channels, AGCH channels in GSM, are generated to central unit HUB1-HUB3 in turn controls a number of 

the radio units that are to be allowed to connect to mobile 50 distributed radio units RAP1-RAP3. It is also possible for a 

stations. distributed cell to comprise more than one central unit. In the 

The generated logical control channels are mapped, present system there are both cells comprising distributed 
according to a predetermined map, onto the physical down- radio and cells comprising conventional base stations, 
link control channel of the respective radio unit and are The system illustrated in FIG. 1 thus comprises three dis- 
transmitted from the radio units to the mobile stations. It 55 tributed cells, only one CELL1 of which is shown in detail, 
follows that different radio units can transmit different In a cell CELL1 a number of radio units RAP1-RAP4 are 
information on the physical downlink control channel, placed. Each radio unit comprises transmitter and receiver 
which may therefore be reused in the cell. A maximum of devices. The radio units RAP1-RAP4 in a cell are controlled 
one connection per radio unit may be established, which by the central unit HUB1 in this cell. The radio units 
increases the capacity with respect to the number of con- 60 communicate with mobile stations MS1-MS5 through con- 
nections established per time unit. nections comprising physical uplink and downlink channels. 

According to other embodiments of the invention the An uplink and a downlink channel do not necessarily have 

physical control channel is reused only in the uplink to be connected to each other. 

direcLion, alternatively only in the downlink direction. In Each radio unit RAP1-RAP4 comprises receiving and 

these cases, too, the capacity is increased with respect to the 65 transmitting units, for example, a broadband receiving unit 

number of connections established per time unit. If the and a broadband transmitting unit, so that they can receive 

physical control channel is only reused in the uplink direc- and transmit signals on all physical uplink and downlink 
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channels assigned to the cell. This means that no fixed (RACH). The RACH is transmitted uplink from a particular 

channel allocation to the respective radio units has to be mobile station and comprises a request for a signalling 

made. Another option is for each radio unit to comprise at channel. The RACH is used by the mobile station when it 

least one receiver unit, each receiver unit being able to has received a PCH channel and been prompted to get in 

receive signals on one physical uplink channel and transmit 5 touch with the network and when the mobile station itself 

signals on one physical downlink channel wishes to get in touch with the radio communication system. 

The central unit HUB1 in combination with the radio Above the most common logical control channels in GSM 

units RAP1-RAP4 in a cell may be seen as carrying out the have been described. There may be other logical control 

functions performed by a base station, or a base station channels, which will not be described here, 

switching centre, in a conventional non-distributed cellular 10 -j^ met hod used to transfer the logical channels onto 

radio communication system. The interface between the physical channels is called mapping. The control channels 

radio units RAP1-RAP4 and the central unit HUB1 can arc mapped according to a predetermined map. In a GSM 

vary, which means that the radio units may comprise dif- system RACH channels are mapped onto the physical uplink 

ferent amounts of functionality. channel defined by the time slot TSO and the uplink carrier 

In the embodiments of the invention described in the 15 frequency C 0) usually according to a map 202 shown in FIG. 

following it is assumed that the radio communication system 2a. The Figure shows a TDMA frame structure in which 

in which the invention is implemented is designed according each TDMA frame 201 comprises eight time slots number 0 

to that described above in connection with FIG. 1. to 7, and the map 202 for the RACH indicated by R. The 

It is also assumed, for simplicity, that the system is a map is repeated cyclically. In the present case, an RACH 

TDMA system, substantially according to the GSM stan- 20 channel may be mapped onto each time slot TSO. 

dard. It will be understood that the invention can be imple- The BCH and the CCCH for the downlink direction are 

mented in other TDMA systems, in FDMA systems or in mapped onto the time slot TSO and the downlink carrier 

CDMA systems using similar types of logical channels, as frequency c 0 according to a predetermined map shown in 

well. As mentioned above, information is transferred as FIG. 2b. In a TDMA system according to the GSM standard 

logical channels on physical channels. The logical channels 25 there are eight time slots for each TDMA frame. The time 

can be logical control channels or logical traffic channels. In slots constituting a TDMA frame, and defined by the same 

the following different logical control channels found in a carrier frequency, are called a frequency channel. The figure 

general GSM system are described. shows the frequency channel for the carrier frequency cO, in 

In a TDMA system according to the GSM standard the which each TDMA frame 201 comprises 8 time slots num- 

logical control channels may be divided into three groups: bered from 0 to 7, and the map 203 for BCH channels and 

Broadcast Channels (BCH), Common Control Channels CCCH channels. FCCH is indicated by F, SCH is indicated 

(CCCH) and Dedicated Control Channels (DCCH). Corre- by S, BCCH is indicated by B and CCCH is indicated by C. 

sponding logical control channels are found in other TDMA The CCCH channels may be of the type AGCH or PCH. At 

systems, for example, in DAMPS systems. the end of the map an "empty" channel indicated by I is 

The BCH channels transmit information in the downlink mapped, which means that a dummy burst is being trans- 
direction to all mobile stations in a cell. One of these raitted. 

channels is the BCCH channel comprising general informa- The DCCH channels are usually mapped onto the time 

tion about the cell that has to be sent to all mobile stations slot TS1 and to the carrier frequency c 0 . Onto the other time 

in the cell. Other BCH channels are the Frequency Correc- 4Q slots of the BCCH carrier and on the other physical channels 

tion Channel (FCCH) and the Synchronization Channel onto the rest of the available carrier frequencies, logical 

(SCH). traffic channels are mapped. In cells having a low capacity 

The dedicated control channels are used both in the uplink traffic channels may also be mapped onto the BCCH carrier, 

and the downlink direction. The so called Stand Alone FIG. 3 shows a schematic block diagram of parts of a 

Dedicated Control Channel (SDCCH) is used in both uplink 45 distributed radio communication system according to the 

and downlink as a signalling channel, for example, for invention. In the present case the system comprises four 

connection set-up. The so called Slow Associated Control radio units shown divided into four receiving devices R1-R4 

Channel (SACCH) is used in the uplink direction to transfer and four transmitting devices T1-T4. The distributed radio 

measurement results from signal strength measurements communication system can of course comprise a different 

carried out by mobile stations and in the downlink direction 50 number of radio units. 

to transfer information about the power level with which the The receiving devices R1-R4 are, in the present example, 

mobile station is to transmit. assumed to comprise an antenna unit receiving broadband 

BCH and DCCH channels will not be discussed further in signals, low noise amplifiers, down conversion means for 

connection with the invention. down conversion of the broadband signal to a broadband 

The CCCH channels are used at access request and at 55 intermediate frequency signal, and A/D converters. The 

channel allocation. In the GSM system there are two dif- transmitting devices T1-T4 are, in the present example, 

ferent CCCH channels in the downlink direction. The Pag- assumed to comprise D/A converters generating a broadband 

ing Channel (PCH) is transmitted downlink to a certain analogue intermediate frequency signal, up conversion 

mobile station with a paging message that the network wants means converting the intermediate signal to a broadband RF 

to get in contact with the mobile station. The Access Grant 60 signal, power amplifiers and an antenna unit transmitting the 

Channel (AGCH) is transmitted downlink to a certain amplified broadband signal. A transmitting device and a 

mobile station. This channel comprises an access message receiving device, that is, a transceiver device, is usually 

holding information about the channel that may be used as comprised in a physical radio unit. 

a signalling channel by the mobile station that is to establish The receiving devices R1-R4 can, in the present example, 

a connection. $5 receive broadband signals comprising signals simulta- 

In the uplink direction, in a GSM system there is only one neously on all frequency channels in the radio communica- 

type of CCCH channel, the Random Access Channel tion system, said signals being transmitted from mobile 
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stations. The respective receiving device R1-R4 the trans- and the receiving device, or receiver group, that received the 

fers the received broadband signals to a channel separating signal on the RACH channel. Several different receiving 

device 301. The channel separating device 301 first sepa- devices, or receiver groups, may have received signals 

rates the received signals into physical channels, that is, in regarding an RACH channel transmitted from a particular 

the present example, separates them into combinations of S mobile station. The interpretation device 306 interprets this 

time slots and frequencies. information in dependence of the received signal strengths 

In the present inventive example there is a physical uplink on me received RACH channels. A mobile station can 

control channel chO in the cell, on which the common transfer an RACH channel that is received by more than one 

control channel RACH is transferred in the uplink direction. radio The interpretation device may then interpret this, 

On the corresponding downlink channel the two common 1° f° r example, as that he present RACH channel was received 

control channels PCH and AGCH, and BCH channels, are b Y ^ radio unit that received the strongest signal, 

transferred. Signals on this physical control channel are The interpretation results in information about the mobile 

received simultaneously by all receiving devices. A super- stations that simultaneously requested permission to estab- 

vision device 307 controls the channel separating device 301 lish a connection, and the receiving device, or the receiver 

and determines what physical channels are to be processed 15 group, that received the respective access request, 

further for the respective receiving device. The information The interpreted information is transmitted to the supervi- 

on the physical control channel is always processed for all sion device 307. The supervision device determines, on the 

receiving devices. basis of the interpreted information, what mobile stations are 

To achieve macro diversity in the system more than one to be allowed to establish a connection and what receiving 

receiving device can communicate with one mobile station, 20 and transmitting device, or what receiver and transmitter 

that is, more than one receiving device is then connected by group, the mobile station is to communicate with. Only one 

the same connection to a certain mobile station. The receiv- mobile station may be allowed to establish a connection to 

ing devices receiving information from the same mobile a particular receiving device and transmitting device, or 

station then constitute one receiver group. The supervision receiver and transmitter group, at the same time, 

device 307 in this case determines what receiving devices 25 The information about the mobile stations that are to be 

constitute a receiver group. The decision may be based, for allowed to establish connections, and information about the 

example; on signal strength measurements or on experience. receiving and transmitting devices, alternatively receiver 

The information received on the physical control channel and transmitter groups with which said mobile stations are 

by the respective receiving device R1-R4 or the receiver 3Q to communicate, is transmitted to a generation device 308 

group in the present case, is demodulated separately. The for generation of reply messages. These reply messages are 

information received on the other physical channels by the to be transmitted on common downlink control channels 

respective receiving device R-R4, or the receiver group in CCCH, on the physical downlink control channel from the 

the present case, is demodulated separately. The type of transmitting devices. As mentioned above, there are two 

logical channel is then identified. The result of the signal 35 different CCCH channels in the downlink direction: the PCH 

processing in the channel separating device 301 is thus and the AGCH. 

parallel, separately demodulated bit streams regarding dif- As can be seen by the maps in the FIGS. 2a and 2b at the 

ferent types of logical channels for each physical channel most one RACH channel can be received for each time slot 

and for each receiving device, or receiver group. The bit TS0 on the uplink control channel. An AGCH channel can, 

streams regarding the logical channels of the type traffic 4Q on the other hand, not be transmitted in every time slot TS0 

channels TCH and dedicated control channels DCCH are on the downlink, which means that it may happen that the 

forwarded to channel decoding devices not shown in FIG. 3. device for generating reply messages generates more reply 

This is indicated by the thick arrows. The further processing messages than can be transmitted when a CCCH channel is 

of traffic channels TCH and dedicated control channels to be transmitted according to the map. In this case the reply 

DCCH will not be described in more detail in the following 45 messages are placed in a queue in which the reply messages 

description. generated first are first in the queue. 

The bit streams regarding logical RACH channels are fed In the present example it is assumed that each transmitter 
to a respective RACH decoder device 302-305. The RACH device will be allowed by the supervising device to establish 
decoder devices are controlled by the supervision device 307 a connection. An AGCH channel comprising different infor- 
which is indicated in FIG. 3. Each RACH decoder device 50 mation is therefore generated for each transmitting device, 
decodes the respective RACH bit stream, that is, checks if or each transmitter group, in the cell, 
any relevant information may be identified. Since RACH The respective generated reply message AGCHj-AGCH 4 
channels are transmitted from mobile stations without any in the form of an AGCH channel for each transmitting 
previous indication it may be that at a certain time no RACH device is then encoded in the respective encoding device 
channel has been decoded from any receiving device, alter- 55 309-312, The encoding devices are controlled by the super- 
natively that an RACH channel has been decoded from one vision device 307 as indicated in FIG. 3. 
or more receiving devices. It may occur, for example, that no the encoded AGCH channels in the downlink direction 
signal on an RACH channel has been received by a particu- ^ thc othcr encoded logical downlink channels, that is, 
lar receiving device or that a particular receiving device has traffic channels TCH and dedicated control channels DCCH 
received RACH channels from several mobile stations, and 60 m me downlink direction, and BCH channels in the down- 
that the signals have been of approximately equal strength, direction are transferred to a channel generation device 
so that it has not been possible to decode any RACH channel 313 f or ma ppin g of logical downlink channels onto physical 
separately. downlink channels and for the further processing of bit 

The decoded RACH channels RACHj-RACFL, are trans- streams to be transmitted on the logical channels. This 

ferred to a common interpretation device 306. For each 65 device is controlled by the supervision device 307. The 

decoded RACH channel the interpretation device 306 reg- supervision device comprises a map for each physical uplink 

isters the mobile station that transmitted the RACH channel and downlink channel. The map for the physical downlink 



03/19/2004, EAST Version: 1.4.1 



6,108,550 

9 10 

control channels is assumed, in the present example, to be neousty on two physical channels. All receiving devices 

the map shown in FIG. 2b. have simultaneously received signals on the physical control 

The channel generation device 313 maps the respective channel chO that may transmit RACH channels. A first 

encoded logical channels onto physical downlink channels receiving device Rl has also received a physical channel chl 

in accordance with the map for the respective physical 5 on an already established connection. A second receiving 

downlink channel. device R2 has also received a physical channel ch2 on an 

When a CCCH channels is to be mapped onto the physical already established connection. A third receiving device R3 

downlink control channel, in the present example, the gen- has also received a channel ch3 on an already established 

erated AGCH channels AGCH 1 -AGCH 4 will be mapped connection and a fourth receiving device has also received 

onto the physical downlink control channel of the different 30 a caaaDe i c bl on an already established connection. All 

transmitting devices T1-T4. connections transfer different information. The first Rl and 

In the channel generation device 313 the logical control the fourth R4 reC eiving device therefore reuse the physical 

channels and the other logical channels are then modulated chanQel chl for two ^ CTCui connections. A person skilled 

separately. The modulated logical channels are then trans- m the an wii] undeista[ld mat each reC eiving device can 

mitted to the respective transmitting device T1-T4. If macro ^ s[ [s Qn mQXQ {hm ^ fa ica] chamc]s 

diversity is applied m the system, several transmitting . r 

devices, constituting a transmitter group, transmit the same blt streams received for the connections on the 

logical channel on the same physical channel. The transmis- physical uplink channels ch0-^ch3 are then fed through a 

sion may be time delayed to achieve time dispersion. The switching device 401 to a respective demodulation device 

logical downlink channels are then transmitted on physical D1-D8. There is a demodulation device for each established 

downlink channels from the transmitting devices to mobile 20 connection and a demodulation device for the physical 

stations. uplink control channel for each receiving device. 

If a transmitting device or transmitter group is not to In the present example it is assumed, for simplicity, that 

transmit an access message to a mobile station, that is, if the a physical connection is only connected to one receiving 

associated receiving device has not received an access device, that is, macro diversity is not applied in the example, 

request in the form of an RACH channel, the encoding 25 Each bit stream received on the physical control channel chO 

device 308, according to an inventive alternative from the respective receiving device R1-R4 is demodulated 

embodiment, generates a dummy burst to this transmitting separately in a demodulation device D1-D4 of its own. Each 

device. one of the bit streams on the channels chl-ch3 from each 

According to another alternative embodiment the encod- receiving device R1-R4 is demodulated separately in a 

ing device generates a copy of an already generated AGCH demodulation device D5-D8 of its own. A demodulated bit 

channel to this transmitting device. stream is obtained from each demodulation device D1-D8. 

According to yet another alternative inventive embodi- The respective demodulated bit stream is fed to a respec- 
ment the encoding device 308, in the case when a transmit- tive logical channel separating device SL1-SL8. The logical 
ting device is not to transmit an AGCH channel, generates 35 channel separating devices SL1-SL8 identify the type of 
a PCH channel searching for a mobile station with which the logical channel received and the logical channels are for- 
radio communication system wishes to establish contact. warded to channel decoding devices in dependence of the 
According to this embodiment the supervision device 307 type of logical channel. The demodulated bit streams trans- 
administrates the transfer of AGCH channels and PCH ferred as RACH channels are thus fed to RACH decoding 
channels at the same time, which implies an increased 40 means 302-305, as described in more detail in connection 
complexity in the system. It is of course not certain that the with FIG. 3. 

mobile station searched for through the PCH channel is in FIG. 5 shows a schematic block diagram of an inventive 

the coverage area of the transmitting device or devices not embodiment of said channel generating device 313. The 

transmitting an AGCH channel of their own. This channel generating device comprises channel generating 

embodiment, however, offers the possibility of establishing 45 devices CL1-CL8, modulation devices M1-M8, a switching 

a connection faster, so that the system may become more device 501 and combining devices C1-C4. All devices are 

efficient. controlled by the supervising device 307, as indicated in 

Since AGCH channels comprising different information FIG. 5. As described above the generating device 308 

may be transmitted from different transmitting devices in the generates messages to be transmitted in CCCH channels in 

cell several mobile stations may establish connections in the 50 the downlink direction, that is AGCH and PCH, according to 

cell at the same time. The system can therefore utilize the decisions made by the supervising device 307. Each one of 

radio units in a more efficient way. these messages is encoded separately by an encoding device 

FIG. 4 shows, in a schematic block diagram, an inventive 309-312 of its own. r 

embodiment of the channel separating device 301. The According to this example the generating means 308 has 

devices described in connection with FIG. 3 keep their 55 generated an AGCH channel AGCHj-AGCH 4 for each 

reference numerals in FIG. 4. The channel separating device transmitting device T1-T4, as described in more detail in 

301 comprises separating devices S1^S4, a switching device connection with FIG. 3 . Macro diversity is not applied in the 

401, demodulation devices D1-D8 and logical channel example, that is, each transmitting device can transmit 

separating devices SL1-SL8. All devices are controlled by different information on the CCCH channels. The respective 

the supervision device 307 as indicated in the figure. The 60 AGCH channel AGCHj-AGCT^ is fed to a respective 

received signals from each receiving device R1-R4 are mapping device CL1-CL4. Traffic channels TCH and 

transferred to a respective separating device S1-S4. The DCCH channels encoded according to prior art are fed to a 

separating device separates each incoming broadband bit number of mapping devices CL5-CL8. In each mapping 

stream into a bit stream for each physical uplink channel device CL1-CL8 the logical channel is mapped onto a 

ch0-ch3. 6S physical channel. The AGCH channels AGCHj-AGCH 4 are 

In the present example, for simplicity, it is assumed that mapped onto the physical downlink control channel CHO in 

each receiving device R1-R4 has received signals simulta- accordance with the map shown in FIG. 2b, Thus, BCH 
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channels are also mapped onto the physical downlink con- 
trol channel CHO, but at different points in time. Traffic 
channels TCH and dedicated control channels DCCH are 
mapped onto other physical channels CH1-CH3. 

From each mapping device CL1-CL8 each one of the 
physical channels CH0-CH3 is fed to a modulation device 
M1-M8 for modulation. Modulated bit streams are then fed 
from each modulating device M1-M8 through a switching 
device 501 to the respective combining device C1-C4. The 
supervising device 307 controls the switching so that the 
switching device 501 switches the logical channels, mapped 
onto physical channels, to the right transmitting devices. The 
combining devices C1-C4 combine the physical channels to 
be transmitted by the respective transmitting device T1-T4 
to a broadband bit stream. 

Each transmitting device T1-T4 then transmits the com- 
bined bit streams. In the present example AGCH channels 
AGCHj-AGCH 4 , comprising different messages from dif- 
ferent transmitting devices, are transmitted on the physical 
control channel CHO. This means that a mobile station for 
each transmitting device obtains access at the same time. 

As mentioned above in connection with FIG. 3, there are 
several alternative options in the case when there is not an 
AGCH channel for each transmitting device. A PCH 
channel, a dummy burst or a copy of an already generated 
AGCH channel may be generated in this case. 

Hence, the physical control channel is reused both in the 
uplink and the downlink direction in the cell when CCCH 
channels are being transmitted. When BCH channels are 
being transmitted, of course, all transmitting devices will 
transmit the same information on the physical control chan- 
nel. A first transmitting device Tl, according to this 
example, also transmits traffic channels or DCCH channels 
on the physical channel CHI, a second transmitting device 
transmits on the physical channel CH2, a third transmitting 
device transmits on the physical channel CH3 and a fourth 
transmitting device T4 transmits on the physical channel 
CHI. The physical downlink channel CHI is therefore 
reused in the cell with respect to traffic channels and DCCH 
channels. 

In connection with FIGS. 4 and 5 an inventive embodi- 
ment has been described, in which a mobile station only 
communicates on one connection with a receiving and a 
transmitting device, or a radio unit. Macrodiversity is not 
used, to simplify the description. The transmitting device 
and the receiving device communicating with a certain 
mobile station do not have to be comprised in the same 
physical radio unit. 

According to another embodiment macrodiversity is used 
in the system. This implies that the receiving devices and the 
transmitting devices in a cell are divided into receiver and 
transmitter groups. How the groups are put together may be 
determined, for example, adaptive ly and may therefore 
change with time. The supervising device 307 determines 
what transmitting devices T1-T4 and receiving devices 
R1-R4 constitute a group. The transmitting devices in a 
transmitting group then transmit the same information on the 
same physical channel. The receiving devices in a receiving 
group then receive the same information on the same 
physical channel. This means that a connection is estab- 
lished to at least two receiving and transmitting devices. 
This means that at the most one connection for each trans- 
mitting and receiving group may be established at one time. 

In the FIGS. 3-5 the radio units have been shown divided 
into receiving and transmitting devices. Other devices 
shown in the FIGS. 3-5 may be comprised in the central 
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unit. The interface between the central unit and the radio 
units do not, however, have to be as shown in the FIGS. 3-5. 
The separating devices S1-S4 and the combining devices 
C1-C4 may, for example, be comprised in the radio units. 

According to yet another embodiment of the invention a 
radio unit comprises receiving devices and transmitting 
devices receiving signals on separate physical channel s. In 
this case each receiving device comprises low noise ampli- 
fiers and a receiving chain for each physical channel on 
which signals can be received. Each receiving chain com- 
prises down converting units for converting a received 
signal to an intermediate frequency signal, a bandpass filter 
and an AID converter. Each transmitting device comprises a 
transmitting chain for each physical channel on which 
signals may be transmitted and a combining unit for com- 
bining the signals on the different physical channels before 
transmission. Each transmitting chain then comprise D/A 
converters and up converting units for converting IF signals 
to RF signals. 

In the following a general method according to the 
invention will be described. FIG. 6 shows a flow chart of an 
embodiment of the method according to the invention. In the 
present example both the physical uplink control channel 
and the physical downlink control channel are reused. 

Each radio unit simultaneously receives 601 signals in the 
form of bit streams from mobile stations on the physical 
uplink control channel. Signals on other physical uplink 
channels are, of course, also received, but this is not dis- 
cussed in the description of the method according to the 
invention. If a broadband signal has been received, it com- 
prises signals transmitted on several different physical 
uplink channels. In this case the broadband bit stream is 
separated into a bit stream for each physical channel. The bit 
streams received on the physical uplink control channel for 
the respective radio unit are demodulated separately 602. 

If macrodiversity is applied the same signal is received on 
the physical uplink control channel by at least two radio 
units. In the present case the bit streams transmitted from the 
same mobile station and received by different radio units are 
demodulated together. 

The demodulated bit streams are then identified 603 with 
respect to the logical channel. The physical control channel 
in the present case only transfers RACH channels, but it is 
possible to transfer other logical channels as well on the 
physical uplink control channel. The bit streams relating to 
RACH channels (yes in 604) are decoded separately, in 
which case, for example, the bit stream from a particular 
radio unit cannot be decoded. The information in the 
decoded bit streams is interpreted 605 with respect to the 
radio unit that received the respective RACH channel and 
the mobile station that transmitted the respective RACH 
channel. It may also be the case that a bit stream transferred 
on an RACH channel cannot be decoded, which may be 
interpreted as that no information was received on this 
RACH channel. According to an embodiment of the inven- 
tion the signal strength with which the respective antenna 
unit has received signals on RACH channels is also regis- 
tered. 

In dependence of the interpreted information logical con- 
trol channels are generated 606, to be transmitted on the 
physical downlink control channel from the respective radio 
unit. In this example the logical control channels are CCCH 
channels, that is, either AGCH channels or PCH channels. 
According to the present embodiment, thus, a maximum of 
one mobile station per radio unit may be allowed to establish 
a connection to the radio unit, in which case AGCH channels 



03/19/2004, EAST Version: 1.4.1 



6,1( 

13 

comprising different information may be generated to each 
radio unit that is to establish a connection. Copies of already 
generated AGCH channels or PCH channels can be gener- 
ated to the radio units that are not to establish a connection 
of their own, in accordance with that described above. If 
macrodiversity is applied a mobile station for each prede- 
termined group of radio units may obtain an AGCH channel, 
as described above for transmitter and receiver groups. 

The generated CCCH channels are mapped 607 simulta- 
neously onto the physical control channel for each radio 
unit, or group of radio units. The mapping is made in 
accordance with a predetermined map, for example, the map 
shown in FIG. 2b. The bit stream of the physical downlink 
control channel for each radio unit, or group of radio units, 
is modulated 608 separately. The modulated bit streams are 
then transmitted on the physical downlink control channel 
from the respective radio unit, or group of radio units. If a 
broadband signal is to be transmitted, the signal is combined 
on the physical downlink control channel with channels to 
be transmitted on other physical downlink channels from the 
respective radio unit. 

In an alternative embodiment of the invention only the 
physical downlink control channel is reused. This means that 
only information on one logical uplink channel for each 
physical uplink control channel in the cell can be received at 
each point in time. Only one RACH channel can then be 
received in the cell at any given time. In accordance with the 
maps mentioned and shown above more than one RACH 
channel may be received in a time period when no AGCH 
channel can be transmitted. A method corresponding to the 
one discussed in connection with FIG. 6 for the processing 
of transmitted logical uplink control channels may be carried 
out. It can then be determined, for each received RACH 
channel, that a mobile station is to be granted access to the 
radio communication system. Several different AGCH chan- 
nels may then be generated and placed in a queue until it is 
time, according to the map, to map CCCH channels, that is, 
AGCH or PCH channels in the downlink direction. Several 
AGCH channels may then be transmitted simultaneously to 
different mobile stations from different transmitting devices. 
The capacity with respect to the number of connections 
established simultaneously is then increased compared to a 
system in which the physical control channel is neither 
reused in the uplink or in the downlink. 

In yet another embodiment of the invention only the 
physical uplink control channel is reused. In this case signals 
transmitted on different logical uplink channels on the 
physical uplink control channel to different radio units in a 
cell may be received and decoded at the same time. This 
means that several RACH channels can be decoded simul- 
taneously. However, only one AGCH channel at a time can 
be mapped and transmitted on the physical downlink control 
channel from the radio units in the cell at a given time. 
Generated AGCH channels are then placed in a queue and 
transmitted after each other according to the above men- 
tioned map. 

Since the physical uplink control channel is reused, the 
probability of capturing an RACH channel is greater than if 
only the information in one RACH channel has been 
decoded at a point in time. If only one RACH channel has 
been captured when actually information on several RACH 
channels has been transmitted from different mobile 
stations, it is not certain that the RACH channels that were 
not captured at a given point in time will be captured at a 
later point in time. The capacity with respect to the number 
of established connections per time unit will therefore 
increase considerably according to this embodiment. 



8,550 

14 

In the embodiments of the invention described above the 
system has been assumed to be a GSM system, which 
usually transmits speech. There are also mobile radio com- 
munication systems that can transmit packet data. An 

5 example of such a system is the General Packet Radio 
Service (GPRS) system, which is intended to be introduced 
in GSM systems for the transfer of packet data. In such a 
system traffic channels and control channels corresponding 
to the ones mentioned above are found. Access requests are 

10 transmitted on a PRACH channel and access granted mes- 
sages are transmitted on a PAGCH channel etc., the P 
denoting Packet. In a GPRS system all physical downlink 
channels, including the ones transmitting traf&c channels, 
have a control signal, or flag, controlling the mobile station 

is that is to be allowed to transfer information on the uplink. A 
channel may be said to be defined by its frequency, time slot 
and flag. Thus, a traffic channel as well may, in a certain 
sense, be seen as a control channel. 
A logical traffic channel may be transferred on the same 

20 physical channel as a logical control channel in dependence 
of what the flag indicates. 

There is no fixed map; instead the mapping is dynamic in 
dependence of the flag. If a PRACH channel is not trans- 
mitted at a given point in time to a certain radio head, data 

25 can therefore be transmitted to this radio head instead, in 
dependence of the state of the flag. When the method 
according to the present invention is applied in a GPRS 
system the flag may also be reused. Different flags can then 
be used for different radio heads. 

30 Hence, according to the invention, the physical control 
channel or channels, in the present case, may be reused in 
the uplink and/or the downlink direction. In this way a 
higher number of access requests may be received at the 

35 same time, and/or more access can be granted at the same 
time. Therefore, the capacity with respect to the number of 
connections established for each time unit increases. 
What is claimed is: 

1. A method for the reuse of physical control channels in 
at least one cell in a distributed cellular radio communica- 

40 tion system, said distributed cellular radio communication 
system comprising at least one mobile station and a number 
of radio units, wherein at least one cell comprises a number 
of radio units controlled by at least one central unit, said 
mobile stations communicating with said radio units through 
connections comprising physical uplink and downlink 
channels, wherein said physical uplink and downlink chan- 
nels transfer logical uplink and downlink channels, respec- 
tively and wherein at least one physical uplink channel and 
at least one physical downlink channel in the cell are 
designated as the physical uplink control channel and the 
physical downlink control channel respectively, for trans- 
ferring logical uplink and downlink control channels 
respectively, said method in each cell comprising the fol- 

ss lowing steps: 

a) simultaneously receiving signals on the physical uplink 
control channel for each radio unit, wherein said 
received signals can transfer different information; 

b) identifying the type of logical uplink channels trans- 
go mitted on said physical uplink control channel; 

c) interpreting the information in the logical control 
channel of the type access channel, referred to as the 
logical access channel wherein said information com- 
prises a request for contact with the radio communica- 

65 tion system; 

d) generating logical downlink control channels in depen- 
dence of said interpretation; 
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e) mapping the logical downlink control channels men- 
tioned in step d) onto the physical downlink control 
channel for each radio unit; 

f) simultaneously transmitting signals on the physical 
downlink control channel from each radio unit, 
whereby different information in the logical downlink 
control channels may be transmitted on the physical 
control channel from different radio units in the cell. 

2. A method according to claim 1, further comprising 
separately demodulating received bit streams for the respec- 
tive radio unit. 

3. A method according to claim 1, further comprising 
separately modulating bit streams to be transmitted for the 
respective radio unit. 

4. A method according to claim 1, wherein the receiving 
radio units are divided into groups of at least two radio units, 
said method further comprising separately demodulating 
received bit streams for the respective group of radio units. 

5. A method according claim 1, wherein the radio units are 
divided into groups of at least two radio units, said method 
further comprising separately modulating bit streams to be 
transmitted for the respective group of radio units. 

6. A method according to claim 1, wherein the received 
signals are broadband signals comprising signals on all 
physical uplink channels allowed in the cell. 

7. A method according to claim 6, wherein the broadband 
signals are separated into physical channels. 

8. A method according to claim 1, wherein the received 
signals are separated into physical channels. 

9. A method according to claim 1, wherein said interpret- 
ing step further comprises registering the radio units that 
have received information on the logical access channel and 
determining from which mobile stations the respective logi- 
cal access channel has been received. 

10. A method according to claim 1, wherein said inter- 
preting step further comprises registering and interpreting 
the signal strengths of the received signals on the respective 
logical access channels. 

11. A method according to claim 1, wherein said radio 
communication system is a GSM system and wherein said 
logical access channels are RACH channels. 

12. A method according to claim 1, wherein said radio 
communication system is a packet switched GSM system 
according to GPRS and wherein said logical access channels 
are PRACH channels. 

13. A method according to claim 1, wherein said gener- 
ating step further comprises the steps of: 

determining the mobile stations that are to be given access 
to the radio communication system based on said 
interpretation; and 

generating allocation channels comprising a message to 
the effect that a mobile station is granted access to the 
radio communication system, to said mobile stations 
that are to be given access. 

14. A method according to claim 13, wherein said radio 
communication system is a GSM system and wherein said 
allocation channels are AGCH channels. 

15. A method according to claim 13, wherein said radio 
communication system is a packet switched GSM system 
according to GPRS and wherein said allocation channels are 
PAGCH channels. 

16. A method according to claim 15, wherein said radio 
communication system is a GSM system and wherein said 
paging channels are PCH channels. 

17. A method according to claim 15, wherein said radio 
communication system is a packet switched GSM system 
according to GPRS and wherein said paging channels are 
PPCH channels. 
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18. A method according to claim 13, wherein said gen- 
erating step further comprises generating dummy bursts to 
the radio units thai are not to transmit an access message. 

19. A method according to claims 13, wherein said 
5 generating step further comprises generating copies of allo- 
cation channels already generated to the radio units that are 
not to transmit an allocation channel of their own. 

20. A method according to claim 13, wherein said gen- 
erating step further comprises generating paging channels 

10 comprising messages to the effect that the radio communi- 
cation system requests contact with a certain mobile station, 
to the radio units that are not to transmit an access message 
of their own. 

21 . A method for the reuse of physical control channels in 
15 at least one cell in a distributed cellular radio communica- 
tion system, said distributed cellular radio communication 
system comprising at least one mobile station and a number 
of radio units, wherein at least one cell comprises a number 
of radio units controlled by at least one central unit, said 

20 mobile stations communicating with said radio units through 
connections comprising physical uplink and downlink 
channels, wherein said physical uplink and downlink chan- 
nels transfer logical uplink and downlink channels, respec- 
tively and wherein at least one physical uplink channel and 

25 at least one physical downlink channel in the cell are 
designated as the physical uplink control channel and the 
physical downlink control channel respectively, for trans- 
ferring logical uplink and downlink control channels 
respectively, said method in each cell comprising the fol- 

30 lowing steps: 

a) simultaneously receiving signals on the physical uplink 
control channel for each radio unit, wherein said 
received signals can transfer different information; 

b) identifying the type of logical uplink channels trans- 
35 mitted on said physical uplink control channel; 

c) interpreting the information in the logical control 
channel of the type access channel,, referred to as the 
logical access channel, wherein said information com- 
prises a request for contact with the radio communica- 

40 tion system; 

d) generating logical downlink control channels of the 
type common control channels in dependence of said 
interpretation; 

45 e) mapping one of the logical downlink control channels 
generated in step d) onto the physical downlink control 
channel for each radio unit; 
f) transmitting signals on the physical downlink control 
channel from all radio units; 

50 g) repeating steps e) and f). 

22. A method according to claim 21, further comprising 
separately demodulating received bit streams for the respec- 
tive radio unit. 

23. A method according to claim 21, wherein the radio 
55 units are divided into groups of at least two radio units, said 

method further comprising separately demodulating 
received bit streams for the respective group of radio units. 

24. A method for the reuse of physical control channels in 
at least one cell in a distributed cellular radio communica- 

60 tion system, said distributed cellular radio communication 
system comprising at least one mobile station and a number 
of radio units, wherein at least one cell comprises a number 
of radio units controlled by at least one central unit, said 
mobile stations communicating with said radio units through 

65 connections comprising physical uplink and downlink 
channels, wherein said physical uplink and downlink chan- 
nels transfer logical uplink and downlink channels, 
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respectively, and wherein at least one physical uplink chan- 
nel and at least one physical downlink channel in the cell are 
designated as the physical uplink control channel and the 
physical downlink control channel respectively, for trans- 
ferring logical uplink and downlink control channels 
respectively, said method in each cell comprising the fol- 
lowing steps: 

a) receiving signals on the physical uplink control channel 
for all radio units at different points in time, wherein 
only one signal may be received at one point in time, 
which received signals can transfer different informa- 
tion; 

b) identifying the type of logical uplink channels trans- 
mitted on said physical uplink control channel at each 
point in time; 

c) interpreting the information in each logical uplink 
channel of the type access channel, referred to as the 
logical access channel, wherein said information com- 
prises a request for contact with the radio communica- 
tion system; 

d) generating a logical downlink control channel for each 
radio unit in dependence of said interpretation; 

e) mapping the logical downlink control channels men- 
tioned in step d) onto the physical control channel for 
each radio unit; 

f) simultaneously transmitting signals on the physical 
downlink control channel from each radio unit, wherein 
different information in the logical downlink control 
channels may be transmitted on the physical control 
channel from different radio units in the cell. 

25. A method according to claim 24, further comprising 
separately modulating bit streams to be transmitted for the 
respective radio unit. 

26. A method according to claim 24, wherein the trans- 
mitting radio units are divided into groups of at least two 
radio units, said method further comprising separately 
modulating bit streams to be transmitted for the respective 
group of radio units. 

27. A distributed cellular radio communication system for 
reuse of physical control channels in at least one cell in a 
distributed cellular radio communication system, said dis- 
tributed cellular radio communication system comprising: 

least one mobile station and a number of radio units, 
wherein at least one cell comprises a number of radio 
units controlled by at least one central unit, said mobile 
stations communicating with said radio units through 
connections comprising physical uplink and downlink 
channels, wherein said physical uplink and downlink 
channels transfer logical uplink and downlink channels, 
respectively, and wherein at least one physical uplink 
channel and at least one physical downlink channel in 
the cell are designated as the physical uplink control 
channel and the physical downlink control channel 
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respectively, for transferring logical uplink and down- 
link control channels respectively; 

receiver means for receiving signals on physical uplink 
channels for each radio unit, wherein said received 
s signals can transfer different information; 

channel separating means for separating received bit 
streams on a physical uplink channel and a logical 
uplink channel and for identifying the logical uplink 
channel transferred on said physical uplink channel; 

interpretation means for interpreting the information in 

* the logical control channels of the type access channel, 
referred to as the logical access channels, wherein said 
information comprises a request for contact with the 
1S radio communication system; 

decoding means for decoding the information transferred 
on said logical access channels; 

generating means for generating logical downlink control 
channels in dependence of said interpretation; 
20 channel generating means for mapping said logical down- 
link control channels onto the physical downlink con- 
trol channel; 

transmitting means for transmitting signals on the physi- 
cal control channel from each radio unit, said signals 
25 being able to transfer different information; and 

supervision means for controlling and supervising said 
means. 

28. A distributed cellular radio communication system 
according to claim 27, wherein said receiver means are 

30 arranged to receive signals on the physical uplink control 
channel simultaneously from the respective radio unit. 

29. A distributed cellular radio communication system 
according to claim 27, wherein said receiver means are 
arranged to receive only one signal on the physical uplink 

35 control channel at a particular point in time from the 
respective radio unit. 

30. A distributed cellular radio communication system 
according to claim 27, wherein said transmitting means are 
arranged to be able to transmit different signals simulta- 

40 neously on the physical downlink control channel from the 
respective radio unit. 

31. A distributed cellular radio communication system 
according to claim 27, wherein said transmitting means are 
arranged to be able to transmit the same signal at a particular 

45 point in time on the physical downlink control channel from 
the respective radio unit. 

32. A distributed cellular radio communication system 
according to claim 27, wherein the radio communication 
system is a GSM system. 

50 33. A distributed cellular radio communication system 
according to claim 32, wherein the radio communication 
system is a packet switched GPRS system. 

* + * * 4 
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